ABSTRACT The acute airway response to smoking varying numbers (one to four) of identical cigarettes in rapid succession and smoking single cigarettes of differing tar/nicotine yields was assessed repeatedly in 13 healthy smokers. The airway response was variable, indicating airway narrowing consistently in only three subjects. There appeared no difference between forced spirometry and measurement of airway resistance in detecting the airway response. No relationship was observed between the airway response and amount of smoke inhaled into the lungs as measured either by changes in venous blood nicotine or percentage carboxyhaemoglobin. When five smokers inhaled smoke directly from a cigarette acute airway narrowing was consistently observed. A normal smoking pattern consisting of an initial drag of smoke into the mouth, followed after a pause by inhalation of smoke diluted with air, did not consistently cause airway narrowing although similar amounts of smoke as the direct drag were inhaled as assessed by changes in venous blood nicotine. The manner of smoke inhalation affects the relative concentrations of the different constituents of smoke reaching the lungs and also appears to be the main determinant of the acute airway response to smoking, which was unrelated to the number ofcigarettes smoked or the tar content of the smoke. This suggests that patterns of smoke inhalation may influence the pathogenesis of bronchial disease associated with smoking.
Despite a well-advertised association with carcinoma of the lung and chronic obstructive bronchitis, cigarette smoking remains a remarkably common habit, and this is even more surprising as the habit involves inhalation of smoke into the lungs.' Cigarette smoke, when inhaled, behaves in a similar way to other irritant gases, vapours, and dusts, in causing acute dyspnoea, coughing, and acute airway narrowing.2 3 These responses probably represent vagally mediated protective reflexes as they promote proximal deposition of smoke particles and their subsequent ejection from the lungs by coughing and mucociliary clearance.4 6 However, when large numbers of smokers have been studied only a minority appear to develop any of these responses and only a few develop acute airway narrowing after smoking a single cigarette.6 7 The question as to how the majority of smokers avoid an acute airway response to inhaled cigarette smoke has not been answered and is important as it suggests two conflicting theories concerning the relation between the acute response and the development of chronic obstructive bronchitis in a minority of smokers. It could be argued that the absence of an acute protective airway response enables airways to be chronically exposed to those constituents of cigarette smoke which promote chronic intrinsic airway disease. Alternatively, those individual smokers exhibiting an acute cigarette-induced response may represent a susceptible population who through repeated provocation proceed to develop chronic obstructive bronchitis.8
Previous work on the subject has suffered from difficulties with measurement of the amount of smoke inhaled so that differences in inhaled dose may account for the previously reported variation in acute response.6 Furthermore, cigarettes have undergone a progressive reduction in tar and nicotine yield over the last few years' which makes interpretation of earlier results difficult as most modern cigarettes yield a potentially less irritant smoke.
We have attempted to identify those factors which may be considered important in determining the acute airway response to cigarette smoke, 246 In each experiment six measurements (either MEFVC or airway resistance) were performed in rapid succession by every subject before each smoking session and repeated within two minutes of completing the test cigarettes. Factorial analysis of variance was used to assess the results in each experiment. By using the F ratios, the significance of the main factors could be determined9-for example, variation caused by different subjects, order of each treatment, or effects of smoking were compared with the background or residual variation found from the variation within the groups of six replicated measurements. We were also able in a similar way to determine the significance of interaction between these factors; for example, to decide if all subjects reacted in the same way to smoking, the variation attributable to the interaction between the factors, subjects, and treatments being compared with the residual variation to provide an F ratio.
In all five experiments each variable used to assess the airway response was analysed separately. This amounted to 12 variables derived from the MEFVC (table 3 ). In the body box studies, in addition to airway resistance (Raw) and the associated lung volume (Vtg), the variables airway conductance and specific airway conductance (sGaw) together with its logarithmic transformation were also calculated. Specific airway resistance (sRaw) and a covariance correction of airway resistance with lung volume as the covariate were determined as well. ' Number of cigarettes smoked subject I E, subject 2 0, subject 3 *, subject 4 El. 
Airway resistance
There was no increase in airway resistance after smoking any of the number of cigarettes when the mean results for all four subjects were considered (fig 1) . However, the subjects behaved differently after smoking, the interaction between subjects and treatments being significant for the variables Raw, log sGaw and sRaw (p values less than 0 0073). Viewing the changes in airways resistance after smoking against the 95 % confidence interval it will be seen that subject 1 showed airway narrowing after one, two, three and four cigarettes (fig 1) , whereas no change in airways resistance occurred with the other subjects no matter how many cigarettes they had smoked.
Maximal expiratory flow volume curves When using the MEFVC analysis to detect airway narrowing, no overall change occurred after smoking, taking all four subjects as a group (fig 2  for PEFR) . Individual smokers again showed differing responses particularly for PEFR and FEV1 (p values less than 00043) with only subject 6 showing evidence of reduction of PEFR and then Change in level of nicotine Although there was a general tendency for more smoke to be inhaled with increasing numbers of cigarettes smoked (fig 3) subjects 1 Number of cigarettes smoked Fig 3 Changes in venous blood nicotine related to cigarette consumption for both the body box and MEFVC study in seven subjects. Subject I *, subject 2 0 (one body box and two MEFVC measurements), subject 3 0, subject 4 E, subject 5 A, subject 6 Patterns of smoke inhalation The "normal" pattern of smoking in each of the five subjects appeared to consist of two stages. The first stage was a "mouth" phase when smoke Subject 10 once again showed an increase in airway resistance after normal smoking and was the only subject to do so in this experiment. In subjects 9, 12, and 13 who failed to respond to normal smoking patterns, a direct inhalation of smoke from the cigarette caused marked increase in airway resistance (fig 7) . The increase in airway resistance appeared related to the volume of smoke plus air that was inhaled but was not related to changes in venous blood nicotine levels.
Discussion
While allowing our subjects to smoke in their usual way, we set out to vary the amount of smoke each could potentially inhale by asking them to smoke in rapid succession increasing numbers of identical cigarettes. We also varied the tar/nicotine yield of smoke inhaled by asking them to smoke different types of cigarettes. 
